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FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  US 
Army. 


_  Where  copyrighted  material  is  quoted,  permission  has  been 

obtained  to  use  such  material. 

_  Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material. 

_  Citations  of  commercial  organizations  and  trade  names  in 

this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

^  In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  National 
Research  Council  (NIH  Publication  No.  86-23,  Revised  1985)  . 

_  For  the  protection  of  human  subjects,  the  investigator (s) 

adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

_  In  conducting  research  utilizing  recombinant  DNA  technology, 

the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 

^  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 

_  In  the  conduct  of  research  involving  hazardous  organisms, 

the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 
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INTRODUCTION 


The  essence  of  the  problem  addressed  in  this  repor- 
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1’  v i v a k ,  and  2}  to  use  this  model 
to  test  recombinant  DMA  malaria  vaccines.  Drug  evaluation 

studies  were  supported  by  the  ( J . S .  Army,  while  the  vaccine 
studies  received  support  from  the  U.  S.  Navy  Malaria 
proa  ram .  Studies  with  this  model  wet 


inititeted  in  1976  at 


i a  1  L a b orat o r y ,  P a n a m a  a n d  D e v slop m en t  Com m a n d . 


inhibited  by  ti 


n  i  c  h  l 
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pathogenic  P.  falciparum  parasites  in  Asia,  Africa,  and 
Latin  America,  it  is  essential  that  new  drugs  be  evaluated 
in  the  preclinical  Apt us  model  for  their  potential 
usefulness  against  human  infections. 


Initially,  antima laria 1  drug  studies  used  the  Colombian 
Aotus  as  the  ex  per  i  men  t  a  l  host  (1,2).  In  the  mid  1970’s 
embargoes  imposed  by  South  American  countries  on  the 
exportation  of  monkeys  seriously  restricted  the  use  of  Aotus 
for  biomedical  research  in  the  United  States.  Panamanian 
Aotus  were  available  at  Gorges  Memorial  Laboratory,  Panama, 
and  the  project  t  r a n s f e r r e d  h ere  in  1976,  Diverse  a v e n u e s 
of  research  have  been  pur  sued  in  attempts  to  identify 
e ■f  f  e c:  t  i  v e  n e w  a n  t  i  m a  1  a r  j  a  1  d r >.  i g s  .  T ! i r e e  strains  of  P  . 

f  a  1  c  i  pa.  rum  .  Vietnam  Smith,  Uganda  Palo  Alto,  and  Vietnam  Oak 
Knoll,  had  been  adapted  to  Panamanian  Aotus .  These  strains 
exhibit  diverse  susceptibility  and/or  resistance  to  standard 
antimalaria  1  agents.  The  course  of  untreated  infections  in 
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ate  d 

tr  y  1  Ci  w  e  r  rn  o  r  t  a  1  i 

t-  V 

r a tes  of  Panaman i an 

monkeys  during  the  first  30  days  of  patency ,  Maximum 
parasitemias  of  the  Vietnam  Smith  and  Uganda  Palo  Alto 
strains  were,  however,  significantly  higher  during  the  first 
15  days  of  patency  in  Panamanian  than  in  Colombian  owl 
monkeys ,  These  Quantitative  differences  in  infection 
parameters  ne tween  Panama n ,'i  an  and  Colombian  owl  monkeys  have 
not  invalidated  the  use  of  the  former  for  the  evaluation  of 
n ew  anti mala rial  drugs. 

Numerous  candidate  antimalarial  drugs  of  diverse 
chemical  classes  have  been  evaluated  against  trophozoite- 
induced  infections  of  one  or  more  P .  f a  1 c i par urn  strains 
during  the  course  of  these  contracts.  In  seeking 
alternatives  to  primaquine,  two  8-aminoau ino 1 ines  proved  to 
be  active  against  the  blood  stages  of  P  .  f a  1c i parum  (4,5)  . 
Desf err ioxarn me ,  an  iron-spec i f ic  chelating  agent,  was  shown 
to  suppress  parasitemias  of  the  virulent  Uganda  Palo  Alto 
strain  of  P .  f  a  1 c i pa  rum  ( & }  .  The  in  vitro  activity  of  two 
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haiogenated  histidine  analogs  was  not  confirmed  by 
evaluation  against  P.  f a  1 c i pa rum  infections  in  owl  monkeys 
(  7  )  . 

C  h  1  o  r  o  qu  i  n  e  -  resi  s  t  a  n  c  e  o  f  P  .  -falciparum  represents 
the  greatest  c ha  1  lenge  in  developing  effective  antimalarial 
drugs.  Reversal  of  c h 1 oroqu ine-res is tance  in  P.  fa Iciparum , 
in  vitro,  was  achieved  by  the  co-administration  of  verapamil 
(a  calcium  channel  blocker)  plus  chloroquine  (S).  Other  in 
vitro  studies  have  shown  that  there  is  a  significantly 
greater  efflux  of  chloroquine  from  erythrocytes  containing 
falciparum  parasites  res i s  t  an  t  to  chi oroqu ine  than  from  red 
c  e  I  1  s  p a  r a s  i  1 1  z e d  b y  h  1  o r o q u  i ne-se n s  1 1  i  v e  f  a  1  c  i  p a r  u m 
malaria  (7).  Calcium  channel  blockers  appear  to  prevent 
this  active  efflux  of  chloroquine,  thus  allowing  the  drug  to 
accumulate  to  parasiticide  1  levels. 

Based  upon  the  success  of  in  vitro  reversal  of 
chi oroqu  ins-res i stance .  trials  were  initiated  to  determine 
if  resistance  could  be  reversed  in  Aotus  infected  with  the 
c h 1 oroqu ins-res  is tan t  Vietnam  Smith  strain  of  P.  falcipar u m . 
Six  calcium  channel  blockers,  or  similarly  acting  drugs, 
were  co-admin  is tered  with  chloroquine  in  diverse  regimens. 
The  desid era  turn  o f  chi  oroqu  ins-rssis tanc e  reverse.  1  was 
administration  of  a  single  course  of  treatment,  with 
paras i ts  c lea ranee  and  infect; on  cure .  suppression  of 
parasitemia  was  obtained  during  an  initial  course  of 
treatment,  but  parasite  clearance  and  cure  occurred  in  some 
instances  only  after  re- treatment .  Such  infection 
parameters  were  similar  to  those  in  monkeys  with  seif- 
limited  infections  and  cure  could  be  attributed  to  acquired 
i  mriiuni  t y  . 

L  i  m  i  t  e  d  t  r  i  a  1  s  w  i  t  h  d  e  a.  :i  p  r  a  m  ine  ,  W  a  r  p  r  a  rn  i  ri  ,  a  t  ric  y  c  1  ic 
psychotropic  drug,  demonstrated  the  feasibility  of  reversing 
c h 1 oroquine-resi stance  in  vivo  (10).  Parasite  clearance  was 
obtained,  but  the  infection  was  not  cured. 

S u b s e q u ent 1 y ,  i n  v i v o  r e v ersa 1  of  chloroquine 
resistance  was  obtained  with  combinations  of  chloroquine 
plus  chi orpromaz  ine  or  proc  Sip-orperaz  ine  .  Such  reversal  was 
exhibited  by  rapid  suppression  and  clearance  of  parasitemia, 
resulting  in  infection  cure  without  retreatment  (11). 

Evaluation  of  two  oil -soluble  derivatives  of 
artemisinin,  ar  te-met  her  and  arteether ,  demonstrates  that 
ho  t  h  possess  similar  sciivitv  to  cure  infections  of  a  multi- 
d r u g  r e s i s t a n t  P .  falciparum  s t r a in  in  Aotus . 


Both  the  purpose  and  methods  of  approach  of  the  present 
work  remains  essential iy  unchanged  since  1 v/6,  viz  to 
ascertain  the  antimalarial  activity  of  drugs  against  P . 
talciparu m  inTections  in  Aotus  .  i  he  metiiod  of  approach  may 
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vary  on  an  ad  hoc  basis,  such  as  administering  a  combination 
of  drugs. 


i he  long  term  goal  of  the  second  part  of  this  project 
is  id  develop  ful ly  protective  DMA  vaccines  that  induce 
protective  immune  responses  against  the  sporozoite,  1 iver 
and  erythrocytic  stages  of  P.  f a  1 c i pa rum .  If  successful,  it 
will  establish  for  the  first  time  that  DMA  vaccines  can 
protect  non-human  primates,  a  critical  step  toward  using  DMA 
VdiCC  i.nss  in  u u n*i «5 n s  . 


Vaccines  are  aimed  at  inducing  immune  responses  that 
disrupt  the  complex  cycle  of  the  parasite  at  one  more 
points:  an t i -sporoz oi te  antibodies  that  prevent  invasion  of 
hepatocytes;  cytotoxic  T  lymphocytes,  cytokines,  and 
antibodies  that  eliminate  infected  hepatocytes; 
anti merozoi te  antibodies  that  prevent  invasion  of 
e  r  y  t  h  r  o  c  y  t  e  s, :  a  n  !  i  b  o  d  i  p  -  t  h  a  t  n  e  u  t  r  a  1  i  z  e  parasite 
exoan  t  i  gens  !,•  nown  to  i  nduc  p  harmful  cvtokine  responses  ; 
antibodies  that  attack  infected  erythrocytes ;  cytokines  that 
kill  parasites  within  erythrocytes ;  and,  anti-sexual  stage 
antibodies  that  prevent  the  development  of  sporozoites  in 
the  mosquito. 

Previous  trials  of  malaria  blood  stage  vaccines  have 
shown  that  the  Panamsn j  an  Aotus  P .  f a  1 c i parum  model  to  be 
s u 1 1 a b  1  e  t o r  t h is  p u r  pose,  i  1  Z  ,  1.5.  l  4  ) 


BODY 


I.  Experimental  Methods 

i  h t-/  f  i  r  s t  .1 r  t  e  n  t  o t  t  n i  s  p r o j  e c  t  i  s  to  e v a  1  u a  t e  the 
potential  antamal ariai  activity  of  drugs,  or  combination 
thereof,  in  the  preclinical  model  of  Aotus  experimental ly 
infected  with  P.  f a  1 c i parum  for  P.  vivax )  .  Specifically, 
the  vertebrate  host  is  Aotus  lemurinus  lemur in us ,  the 
Panamanian  night  monkev .  These  animals  are  either  feral, 
laboratory  adapted  or  laboratory  born.  No  natural ly 
acquired,  human  plasmodium  infection  has  been  reported  in 
Aotus .  The  Vietnam  Smith/RE  strain  of  p.  falciparum  was 
adapted  to  Aotus  of  Colombian  origin  in  1971  (1)  and  in 
Panamanian  Aotus  in  1976,  (3)  The  course  of  untreated 
infections,  essential  for  comparison  with  treated 
infections,  has.  been  documented  in  Panamanian  Aotus  (3)  . 

T  h  i  s  p  las  m  o  ci  i  u  m  s  t  r  a  i  n  i  s  r  e  s  i  s  t  a  n  t  t  o  m  a  x  i  m  all  y  t  o  lerate  d 
doses  ot  thlof  oqujne,  pyr  imethamine ,  arid  quinine  (2). 
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To  initiate  an  experiment,  infected  blood  (with  2.57. 
sodium  citrate  as  the  anticoagulant)  from  an  untreated  Aotus 
was  diluted  appropriately  in  chilled  saline  (0.857.)  ,  such 
that  each  milliliter  contained  5,000,000  parasites.  This 
amount  was  inoculated  in  to  the  saphenous  vein  of 
e x  p e  r  i  m e n  t  a  i  a n d  c  on  t  r  o  1  m o n  k  e y  s  . 

Blood  films,  prepared  and  examined  daily  beginning  on 
the  first  post-inoculation  day,  'were  stained  with  Giemsa . 
Parasitemias  were  evaluated  as  follows:  negative,  if  no 
parasites  were  detected  on  a  thick  blood  film  after 
examination  tor  at  least  5  minutes:  -  lo  parasites  per  cmm, 
if  positive  only  on  the  thick  blood  film;  parasite 
enumeration  was  by  the  tar  1 e-Herec  method  and  reported  as 
the  number  of  parasites  per  cmm.  (15) 

Blood  films  from  untreated  Ao.tus,  serving  as  passage 
and/or  control  subjects,  were  prepared  and  examined  daily 
d  u i.  n  g  t  h  e  p  r  i  m  a  r  y  patent  per  j.  o  d  ,  and  d  a  i  1  y  thereafter  for 
at  least  three  consecutive  days  after  parasites  cou Id  last 
be  detected  on  thick  blood  films.  When  parasitemia  had 
cleared,  films  were  made  and  examined  twice  weekly  until  a 
total  of  100  negative  days  had  been  recorded .  If 
recrudescence  occurred,  blood  films  were  obtained  again  on  a 
daily  basis. 

Parasitemias  were  evaluated  daily  during  the  treatment 
period  and  until  blood  films  were  negative  for  at  least 
seven  consecutive  days.  The  frequency  of  smearing  was  then 
reduced  to  two  times  per  week:  (Monday  and  Thursdays  or 
Tuesdays  and  Fridays!.  If  no  recrudescences  occurred  during 
a  100  day  examination  period,  the  infection  was  considered 
to  nave  been  c. erred  . 

Drug  doses  were  calculated  as  mg  base  per  kg  of  body 
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w  i  t  h  0 . 3 

7,  r n e t h y  1  c e  1  iulose 

(in  distill ed  wa ter)  . 

Oral  administration  of  drugs  was  by  gastric  intubation 
with  a  14  French  catheter.  The  total  volume  of  fluid 
adm:i  n  i  stored  ,  drug  solution  or  suspension,  and  rinse  was  .14 
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The  second  intent  of  this  project  is  to  ultimately 
evaluate  recombinant  vaccines  against  the  blood  and 
sporozoite  stages  of  P,  f a  1 c i parum  and  against  the  blood 
stages  ot  P.  ■/  iva  y.  in  the  Panamanian  Aotus  model  .  Prior  to 

a d m i n i s t r a  t i o n  o f  a  can d i d a t  e  v a c c i n e  m u s  t  b e  t r ied  so  a s  t 
produce  sugn 1 t leant  antibody  levels.  i hese  trials  wi 1 1  be 
deal  1 ed  m  the  approprite  sections,  as  will  other 
experiments  associated  with  the  Navy  Malaria  program. 

II.  Results 

A  .  i  ox  3  c  1 1  y  of  WR  27  c  h' 2 5 A P  (  BH  3b A  30  ) 

This  drug,  a  pyrrol  oquinazol  ine ,  was  effective  in 
the  murine  malaria  model.  Before  initiating  antimalarial 
studies  in  the  Aotus  -  f a  1 c i parum  model,  the  overt  toxicity 
of  WR  227825  was  examined  in  monkeys  cured  of  malaria 
i n fee  t i o n s  a s  f o 1  1 o w s : 

Mf1  12625  4 . 0  mg /kg,  ( oral  )  ,  twice  daily  for  3  days. 

The  animal  died  6  days  after  termination  of  treatment, 

exhibiting  anorexia,  dehydration,  and  a  19’/,  loss  of 
bodyweight , 

N  M  .1 1  6 1 4  i  s  p  1  e  n i  e  c  t  o  m  3  z  e  cl  ) 

NM  12228 

Each  of  these  animals  was  administered  an  oral  dose  of 
1.0  mg/kg,  twice  daily,  for  3  days.  MM  11614  died  on  day  6 
post  treatment,  with  a  21 X  body  weight  loss.  MM  1228  also 
died  on  the  6th  day  after  treatment,  with  a  2 OX  loss  of  bod 
weight.  . 

The  last  experiment  in  this  series  further  reduced  the 
drug  dose,  administered  to  one  monkey,  and  in  a  second 
monkey,  the  experimental  drug  was  co-administered  with 
WR  139004  AC  ( BK  64203),  fol.inic  acid,  in  an  attempt  to 
p  r  e  v  e  n  t  t  o  x  1  c  i  t  y  . 

11425  WR  227825  0.1  mg/kg  (oral),  once  daily  for  3 

days 

12531  WR  227825  as  above  plus  folinic  acid  1.0  mg/kg 
(oral ) ,  once  daily  for  3  days. 

Both  animals  survived  without  significant  weight  loss. 
Since  a  total  doectof  0 . 3  mg /kg  of  WR  227825  was  not  toxic, 
then  it  remains  to  be  proven  if  f  ol  i//ic  acid  will  obviate 
toxicity  when  co-administered  at  a  known  toxic  dose  of  the 
p  y  r roloquinazol ine. 
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As  detailed  in  the  previous  annual  report,  the 
AMRU-1  strain  of  PI  asmodium  vivax  was  adapted  to  Panamanian 
fiotus ,  and  the  strain  PI  I  I  resistance  to  chioraquine 
confirmed.  Evaluation  of  WR  238605 ,  a  primaquine  analog,  at 
the  Army  Medical  Research  Unit,  Ingle-burn,  Australia,  showed 
that  a  dose  erf  3  mg  /kg  •«  3  days  cured  infections  in  2  of  3 

Aot us ,  and  that  a  dose  of  12  mg/ kg  x  3  days  cured  infections 
in  3  of  3  Actus .  An  experiment  was  designed  to  confirm  and 
expand  the  activity  of  these  doses.  Parasitemia  responses 
are  detailed  in  Table  1  and  summarized  in  Table  2.  A  dose 
of  I  .  O  rnn  /  i-:  n  3  H.avs  r  1  eared  narasi  femias.  hut  with 
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C..  WR  238605 A J  (BM  12562) 

WR  297 5 AW  ( BJ  08241),  primaquine 
WR  1544BM  (Ah  20613) ,  chloroquine 

Having  determined  that  the  AMRU-1  strain  of  P.  v i v a x  is 
resistant  to  10.0  mg/kg  (>:3)  of  WR  1544  (chloroquine),  and 
that  WR  238605  (a  primaquine  analog)  at  a  dose  of  1.0  mg/kg 
( x3)  days  will  clear  parasitemias,  but 

not  cure  blood -induced  infections,  a  further  study  was 
initiated  to: 

1  .  Test  parasite  res p on  se  t o  the  d  a  i  1  y  rn a  x  i  mu m 
tolerated  dose  of  chloroquine,  20.0  mg/kg. 

2.  Evaluate  WR  238605  at  doses  lower  than  1.0 
mg /'kg  to  identify  a  suppressive  only  dose . 

3  .  To  e v a  1  p a  t e  W R  2 9 7 5  (  pi r  i m a q u i n e )  against  the 
chi oroquine-resistant  AMRU-1  strain . 


Detailed  parasite  responses  to  20.0  mg/kg  (x  3  days)  of 
chloroquine  are  shown  in  Table  3  and  summarized  in  Table  4. 
p  a  r  a  s  i  t  e  rn  i  a  s  :s  n  2  of  3  Apt  us  w  e  r  e  c  1  e  a  r  e  d  ,  w  i  t  h  su  b  s  e  q  u  e  n  t 


; i-i r idb'StTU  un  i y  in  ont=-  P,u  tu^  , 


The  data  in  Tables  5  and  6  show  that  primary  treatment 
with  WR  238605  at  doses  of  0.11  and  0.33  mg /kg  ( x  3)  had 
either  no  effect  or  a  suppressive  effect  on  parasitemia. 
Primary  treatment  with  this  primaquine  analog  at  1.0  mg /kg 
i  ■  3  d  a y  s  }  c  leaned  pa  r  a  s  '■  t e s  ,  w  1 1  h o u  t  cure,  i  n  3  o  t  3  A o  t u s  , 
while  retreat men t  at  this  dose  cured  4  of  5  infections.  A 
dose  of  3.0  mg /kg  (x  3  days)  cured  4  of  4  infections  in 
retreated  m o n k e v s . 


a.  I  in  cl  I  - 
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P  a  r  a  s  i  t  e  r  e 

e pones 
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f  rom 
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imary  treatment 

was 

a  dose  of  10.0  mg /kg  ( x  3  days)  clearing  p 
without  infection  cure.  ft  primary  dose  of 


3  0 


days)  cured  infections  in  7  of  3  ftotus . 


administered 
days)  are 

Pr i maqu ine, 
t  ef tecti v e  a t 
itemis,  but 
0  mg /kg  ( x3 


The  results  of 
m  a  x i m u m  tolerated  d o ; 
(chloroquine  resistai 
a  dose  of  1.0  mg /kg 
i.  nfecti  on  s  w  i  t  h  f:  h  i  s 

1,0  mg/ kg  in  3  days) 


xperi ment  show  that.:  i)  the 
.0  mg /kg  x  3  days)  clears  AMRU-1 


,  with  recrudescence;  2)  at 
W R  238605  o n 1 y  c leers 
r a i n :  3 }  p r i m a q  u i n e  will 

at  a  dose  of  10.0  mg/kq 
2  3  8 6  0  5  w  h  i  c  h  c  lea  r  s  o  n  1  y  a  t. 


Based  upon  these 
eva luate  t he  act i vi t y 

P  3  u s  c h 1 o r o q u i n  e ,  and 

t  h  e  s  u  c  c  e  e  d  i  n  q  s  e  c.  t  i  o  ■ 


data,  anjl  experiment  was  designed  to 
of  two  drug  combinations  -  primaquine 
WR  2  38605  plus  chloroquine,  presen  Win 


B.  WR  1544BM  (  AR  20613),  chloroquine 
WR  297 SAW  ( BJ  08241),  primaquine 
plus  WR  1  3)4  4  BM  ,  c  h  3  o  r  oqu  ine 
WR  238605  AJ  ( BM  1 7562 )  plus  WR  1 544BM,  chloroquine 


Based  upon  the  demon s t r a t i on  of  the  in  vivo  reversal  of 

•  f  a  I c i oa rum  c h 1 oroqui ne-r esi stance ,  we  initiated  a  similar 
x peri men t  using  the  chloroquine  resistant  AMRU-1  strain  of 

•  v i v a x ,  chloroquine  being  administered  with  either  WR  2975 
primaquine)  or  WR  238605  (a  primaquine  analog).  The 
nitial  treatment  doses  of  the  two  8-aminoquinol ines  were 
elected  from  results,  of  the  preceedinq  study,  while  the 
on-effective  i  0 . 0  mg-' kg  (  i  3  days)  dose  of  chloroquine  was 


Li 


d  . 


As  shown  in  Tables  9  and  10,  chloroquine 
(10.0  mg/ kg  x  3  days)  only  suppressed  parasitemias,  a 
c on  f i rmati on  o i  pr ev i ous  trials. 

The  data  in  Tables  11  and  12  indicate  that 
Ivp!  ii  ~i  /  q  (  pr  i  iudqu  ine)  ,  a  1  one  at  a  dose  o  t  i  ,  g  rnq  /  k  g  (  x  o  ,i  had 
no  effect  upon  the  parasites,  while  this  dose  plus 
chloroquine,  as  a  primary  treatment  only  suppressed  the 
parasitemia.  Infection  cures  were  obtained  but  at  higher 
primaquine  doses,  and  after  a  total  of  three  drug  regimens. 
Infection  cure  was  due  substantial  1 y  to  acquired  resistance 
rather  tnan  reversal  of  chloroquine  resistance. 
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WR  238605.  administered  alone  (Tables  13  and  14),  at 
doses  of  0.1  and  0.3  mg /kg  ( x  3  days),  had  no  antimalarial 
activity.  A  dose  of  i.O  mg /kg  ix  3  days )  again  cleared 
parasitemia ,  with  recrudescence.  Results  for  the  WR  238605 
chloroquine  combination  are  detailed  and  summarized  in 
Tables  15  and  16.  Parasitemia  suppression  occurred  when 
WR  238605  at  a.  dose  of  0,1  mg  /kg  ( x  3  days)  plus  chloroquine 

failures  following  0.1  mg /kg  ix  3)  were  retreated  with  this 
dose  plus  chi o r oqu i n e . 

In  contrast  to  no  parasitemia  response  to  a  dose  of 
0.3  mg/kg  (x  3)  of  WR  238605  administered  during  the 
ascending  phase,  this  dose  plus  chloroquine  cleared  (with 
recrudescence)  parasi temi as .  as  did  retreatment  with  the 
drug  combination.  Moreover ,  a  single  retreatment  cured  the 
infection  in  1  of  3  monkeys. 

Although  1.0  mg/kg  (  x  3)  of  WR  238605,  alone,  has 
proven  to  be  non  curative,  this  dose  plus  chloroquine  cured 
infection  in  2  of  3  Aotus  when  administered  as  the  primary 
treatment.  While  difficult  to  separate  from  in-vivo 
reversal  of  chloroqu ine-res tstance  and  acquired  immunity, 
infections  in  12  of  12  Aotus  were  cured  after  combined  drug 
retreatment  with  WR  238605  (1.0  mg/kg  x  3  days)  plus 

c  h loroquine . 

There  was  no  evidence  of  c  hi  or oqu ine-res i stance 

reversal  using  primaquine . chloroquine,  whereas  the 

WR  238605  -  chloroquine  combination  did  indicate  that  such 
reversal  occurred,  when  the  two  drugs  were  administered  at 
doses  previously  shown  to  be  non-curative. 

An  overall  summary  of  drug  activity  against  the  AMRU-1 
strain  of  P .  vivax  is.  presented  in  Table  17. 

E.  Establishment  of  the  P 1 asmod ium  f  a  I c i parum  ( FV0 
strain)  trophozoite  model. 

Of  the  various  P.  f a Ic i parum  strains  adapted  to  non¬ 
human  primates,  the  r  V  0  (Vietnam  Oak  knoi i  )  strain  would  be 
useful  for  vaccine  studies  as  only  25- 30 7.  of  infected 
y e n a m a n  lan  n o t u s  so  i  t  —curs  s  ■  )  ,  i  no  rest  of  the  infec  ted 
animals  require  curative  drug  treatment  or  death  wil 1  ensue. 
When  evaluating  a  vaccine,  the  higher  the  proportion  of 
self-cure,  the  greater  the  number  of  animals  needed  in  each 
experimental  group  to  assure  that  the  animals  are  protected 
by  the  vaccine  and  not  self  curing. 

To  compare  the  efficacy  of  an  "artificial”  vaccine  with 
protection  afforded  by  acquired  immunity,  an  experiment  was 
initiated  to  induce  immunity  by  repeated  trophozoite 
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UC  1 
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strain  u  t  P .  tab,  ipar  u  m  w  as  stlBcted  because  o  t  e>;  tens!  v  e 
use  of  this  parasite  by  Dr,  W.  Collins,  CDC ,  Atlanta,  GA 
who  has  consistently  obtained  infections  induced  by 


5pi 


o  z  o : 


•s,  albeit  in 
a m e r  i c a n  o r  g  i. n  .  Pri  o 
3  U  3  n  OH  O  t  t  h  i  -  'St  ucl  y 
■j  O  U  i  u  S  U  p  p  O  r  t  t  r  GphOZO 

_  u  c i a  strain. 


s  p  i  \ 

t.  o 


hi  5  fed  C  t.  f  if  1 


Actus 


b  o  u  t.  h 


jorozoite  inoculation,  a  sine 
ascertain  it  i-'anaman  i  an  A  o  t  u  t 
iuced  infections  of  the  Santa 


Approximately ,  93  x  10*  stage  parasi  tes  were  inoculated 
venous ly  into  earn  of  two  Panamanian  fiotus  as  f ol lows: 
(spi enec tom i z ed )  -  parasites  were  detectable  on  a 

thick  blood  film  on  day  1.  post-inoculation,  with  a  patent 
period  of  34  days;  the  maximum  parasitemia  of  197,120 


1  n  1".  r 

i  -j  ~ 
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p e  r  rn rn  o c  c  u  rred  on  p  a  t  e 1 1  day  2 fa  . 

1  2'  7  4  4  (  n  d  r  rn  a  I  )  -  pa  r  a  &  a t  a  a  w  ere  first  detected  on  da  y  6 

post-inoculation,  followed  by  a  patent  period  of  13  days, 
maximum  parasitemia  of  27 r  per  cmm  in  patent  day  6;  after  a 

subpatent  period  of  23  days,  there  were  13  days  of  patency, 

and  a  maximum  parasitemia  of  740  per  cmm  on  patent  day  7. 

Since  data  indicate  that  the  blood  stages  of  the  Santa 
L  uc  i  a  strain  wi  j  1  develop'  in  Panamanian  Mot  us  ,  both  normal 
and  sp 1 enec tom i zed ,  San ta  Lucia  sporozoites  were  inoculated 
as  follows:  each  of  12  fig tus  were  inoculated  intravenously 
with  approximately  20,000  sporozoites,  and  divided  into  3 
groups  of  4  animals.  Group  1  subjects  had  been 
spl enec tomi zed  prior  to  inoculation;  monkeys  in  Group  2  were 
s  p i enec Co m i zed  o n  day  7  pose  inocu 1 5  t i on .  and  animals  i n 
Group  3  are  scheduled  to  be  sp 1 enec tom i zed  28  days  after 
sporozoite  inoculation.  In  addition  to  examination  of 
Giemsa  stained  blood  films  for  parasites,  blood  is  being 
processed  for  parasite  detection  by  the  F'CR  technique. 

Table  17  shows  that,  to  date,  infections  are 
demonstrable  by  blood  films  i n  2  of  4  monkeys  sp 1 enec tom i zed 
prior  to  inoculation  ,  m  4  o'  v  mo  n  treys  sp  1  enec  tom  i  zed  on 
day  7  post  inoculation,  and  in  2  of  4  still  intact  animals. 
Splenectomy  was  delayed  as  parasites  were  observed  on  days 
23.  and  25,  respectively,  5  and  3  days  prior  to  the 
scheduled  sp lenec  tony .  These  animals  will  be  sp 1 enec  tom i zed 
on  da y  b b  .  p o s  t  i n o c u  I.  a  t  i o n  . 

G  .  E  rn  m  u  r i  o  g  e  n  ec  1 1  y  o  t  a  ON  A  v  a  c  c  me 


v i v a x  infections,  a  series  of  experiments  dealt  with 
determining  the  optimal  dose,  route  of  delivery,  and 
schedule  for  a  DMA  plasmid  'which  encoded  the  P ,  yoe  1  1.  i  CSP 


□  a  e  n  i  c  ; 


.  1 1 1  e  i  i  i-  w  x 


h  12 
at  do s e ; 


Mo  tus .  the  CSH  plasmid  was  injected  m tr amuscu 1  a r i y  at  d 
of  5,  50,  and  500  ug  of  DMA  at  four  week  intervals.  Ser 

samples  were  obtained  and  i rnmunof  1  uoresc ene  (IFA)  assays 
performed  on  P.  Yoe 1 1 i  sporozoites  to  determine  if 
antibodies  were  produced  to  the  CSP  protein.  Few  or  no 


bod 1 es 


e  t.  e  c  i.  e  d  b  y  IFA. 


For  the  second  experiment,  the  dose  was  increased,  the 
interval  between  doses  was  shortened,  and  the  plasmid 
injected  intramuscularly  and  intraderma  1 1 y .  In  some 


w  1 1  h  b  u  p  i  v  3  c  dine 


intr  a  d  e  r  rn  a  I  3  y  ,  w 


e  o  f  i  n  t  r  a  mu  s  c  u  I  a  r  i  n  j 
,  A  total  of  36  monk e 
men  t  ,  5 i q n i  i  i c  an  t  a n t 


hi eved  only  in 

.  s»T 

I-!  p  r  t-.- 1  r  f  a  t  rn  ent  . 


action  was  pretreated 
ZB  wai incorporated 
i  b o d v  t  i  t <3 r s  (as  hag h 
:nke y s  i  n j  e c ted 
dose  of  DMA  ranged 
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•fro rn  125  t o 
the  teasibii 
pi  as mici  vac c 


2000  uq .  These  results  not  only  demonstrated 
ii:y  of  producing  antibodies  in  Aotus  by  a  DMA 
ins ,  but  identified  the  intraderma  1  route  as  the 

f  Udi 


In  a  subsequent  experiment,  the  number  of  injection 
sites  (1,  2,  and  6)  to  deliver  the  same  amount  of  antigen 
were  compared.  Antibody  titers  were  the  highest  in  monkeys 
that  had  been  injected  six  times.  If  a  vaccine  proves 
effective  aqa i net  a  human  p] amodium  in  the  Aotus  model ,  the 
i  m  r  a  c  tica  1  i  t  v  o  f  m  u  1  t  iple  needle  in  tr  a  d  s  r  rn  a  1  s  i  t  e  %  for 
vaccination  in  humans  is  obvious.  Accordingly,  an 
experiment  is  in  progress  in  which  a  newly-developed  gene 
rapidly  injects  antigen  in trederma 1 1 y . 

III.  Cone  1  us  ions 


W R  2278 2 5 ,  a  p y r r o ] o q u inazol i n e ,  w as  t o x ic  at  total 
doses  of  24.0  and  9.0  mg /kg ,  but  not  at  0.6  mg /kg.  Prior  to 
evaluating  this  drug  as  an  antima 1 ar i a  1 ,  it  must  be 
determined  if  folinic  acid  will  reverse  the  drug's  toxicity. 

Extens^f studies  with  the  chi oroquine- resistant  AMRU-1 
strain  of  P,  v i v a x  have  shown  that:  1)  the  parasites  are 
resistant  to  the  maximum  tolerated  daily  dose  <20.0  mg /kg) 
of  chloroquine;  2)  primaquine  ( WR  2975)  alone,  cured  2  of 
trophozoite-induced  infections  at  a  dose  of  30.0  mg/kg  ( x 
when  administered  during  the  ascending  phase  of  parasitemia; 
3)  primaquine  <3.0  mg/ kg  x  3)  plus  -chloroquine 
(10. 0  mg /kg  x  3)  plus  chi oroquine  (10.0  mg  /kg  x  3 ) 
a  d  m  i  n  i  s  t  e  r  e  d  a  s  a  p  r  i  m  a  r  y  t  r  e  a  t  m  e  n  t  d  i  d  not  c  1  e  a  r 
parasitemias;  4i  WR  238605,  a  primaquine  analog, 
administered  alone  at  1.0  mg/kg  (x  3)  plus  chloroquine 
<10.0  mg/kg  x  3),  as  a  primary  treatment,  cured  1  of  3 
infections. 


There  was,  no  evidence  of  chi  oroquine- resistance 
reversal  using  pr imaquine-r hi oroqui ne ,  whereas  the  WR  238605 
-  chi oroqui ne  combination  did  indicate  that  such  reversal 
occurred,  when  the  two  drugs,  were  administered  at  doses 
previously  shown  to  be  non-curative . 


The  FV0  ( Vietnam  Oak  Knoll)  strain  of  P.  falciparum  was 


ne  the  efficacy  of  a  vaccine  directed  ag 
ges  of  P.  falcioarum.  a  sporozoite  indue 

had  to  be  developed.  It  was  initially 
.  .  _  .  .  a/P  . 

ranamSiiian  notus  (  sp  i  enec  turn  i  lee!  intact 
-  ,• 


i  n  s  t 


<A  C-J 
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supported  the  erythrocytic  development  of  the  Santa  Lucia 
strain  of  P.  f  a  1  c  i  par  urn  .  Subsequently,  arid  to  date, 
inoculation  of  Santa  Lucia  sporozoites,  have  induce  patent 
infections,  in  sp  1  enec  tom  i  2  ed  ( 6  .of  8)  and  in  intact  ( 
Panamanian  Actus .  These  results  indicate  that  the  rno 
suitable  to  test  a  DMA  vaccine  designed  to  prevent 
d e v slop rn e n t  o f  thee x o e r y t h r o cytic  stages  of  p ,  falciparu 

In  a  series  of  experiments ,  it  was  shown  that  a  DMA 
plasmid  vaccine,  encoded  for  the  P.  yoe  i  (L  i  CSP  gene , 
produced  anti  bodies  ini AotUs,  cured  of  h ,  taici pa  rum  and 
v  i  v a  y.  i n  f  ecti  o n s  .  A n  e? ■  ?. e n  s  i  v e  s  t u d y  d eter m ined  t hat  s  i  x 
in  traderma  1  injection  sites  yielded  the  highest  antibody 
titers.  An  additional  study  is  in  progress  to  obviate 
needle  intradermal  injections  by  using  a  gene  gun. 


a  kj 
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DETAILED  ACTIVITY  OF  WR  238605AJ  (BM  12562)  AGAINST 
AMRU-1  STRAIN  INFECTIONS  OF  PLASMODIUM  VIVAX 
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SUMMARY  OF  THE  ACTIVITY  OF  WR  238605AJ 
(BM  12562)  AGAINST  INFECTIONS  OF  THE  NEW  GUINEA  AMRU- 
STRAIN  OF  PLASMODIUM  VIVAX 


DETAILED  ACTIVITY  OF  WR  1544BM  (AR  20613) ,  CHLOROQUINE 
AGAINST  AMRU-1  STRAIN  INFECTIONS  OF  PLASMODIUM  VIVAX 
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SUMMARY  OF  THE  ACTIVITY  OF  WR  1544BM  (AR  20613) ,  CHLOROQUINE 
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DETAILED  ACTIVITY  OF  WR  238605AJ  (BM  12562)  PLUS  WR  1544BM 
(AR  20613),  CHLOROQUINE,  AGAINST  AMRU-1  STRAIN  INFECTIONS 

OF  PLASMODIUM  VIVAX 


(a)  WR  238605 

(b) _  Chloroquine 


SUMMARY  OF  THE  ACTIVITY  OF  WR  238605AJ  (BM  12562) 
PLUS  WR  1544BM  (AR  20613),  CHLOROQUINE,  AGAINST 
INFECTIONS  OF  PLASMODIUM  VIVAX  (AMRU-1) 


WR  238605 
Chloroquine 


SUMMARY  OF  THE  ACTIVITY  OF  WR  238605AJ  (BM  12562) 

PLUS  WR  1544BM  (AR  20613) ,  CHLOROQUINE,  AGAINST  INFECTIONS 
OF  PLASMODIUM  VIVAX  (AMRU-1) 
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WR  238605  b)  chloroquine 

Died  Day  25  Post-Rx,  intercurrent  infection 


SUMMARY  OF  THE  ACTIVITY  OF  WR  238605AJ  (BM  12562) 

PLUS  WR  1544BM  (AR  20613),  CHLOROQUINE,  AGAINST  INFECTIONS 
OF  PLASMODIUM  VIVAX  (AMRU-1) 
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WR  238605  b  Chloroquine 
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TABLE  17 

SUMMARY  OF  DRUG  ACTIVITIES,  ALONE  AND  IN  COMBINATION, 
AGAINST  PLASMODIUM  VIVAX  INFECTIONS 


MALARIA 

STRAIN 

AMRU-1 


DOSE  mg/kg  PRIMARY  TREATMENTS  REPEAT  TREATMENTS  TOTAL  TREATMENTS 

TOTAL  DAILY  CLEARED  CURED  CLEARED  CURED  CLEARED  CURED 

4 


WR  1544BM  -  Chloroquine 


30.0 

10.0 

0/3 

0/3 

0/3 

0/3 

60.0 

20.0 

2/3 

0/3 

2/3 

0/3 

WR  297  5  AW 

-  Primaquine 

0.99 

0.33 

0/3 

0/3 

0/3 

0/3 

3.0 

1.0 

0/6 

0/6 

2/2 

0/1 

2/6 

0/7 

9.0 

3  .0 

1/3 

0/3 

4/4 

3/4 

5/7 

2/7 

30.  0 

10.0 

3/3 

0/3 

5/5 

3/5 

8/8 

5/8 

90.0 

30.0 

3/3 

2/3 

4/4 

4/4 

7/7 

6/7 

270.0 

90.0 

1/1 

1/1 

1/1 

1/1 

WR  2975AW,  primaquine (a) 

plus 

WR  1544BM, 

chloroquine (b) 

3.0 (a) 

1.0(a) 

0/3 

0/3 

1/3 

0/3 

1/6 

0/6 

3Q.Q (b)10.0 (b) 

- 

9.0 (al  3.0(a) 

• 

5/5 

2/5 

5/5 

2/5 

30.0 (b 110.0 (b) 

^  V  •  V  \  / 

3/3 

3/3 

3/3 

3/3 

30 . 0  (b)  10 . 0  (b) 

wr  ; 

238605AJ 

0.33 

Q.ll 

0/6 

0/6 

0/6 

0/6 

0.9.9 

Q.  33 

0/6 

0/6 

1/3 

1/3 

1/9 

1/9 

3.0 

1.0 

5/5 

0/5 

5/5 

4/5 

5/10 

4/10 

9.0 

3.0 

4/4 

4/4 

4/4 

4/4 

4/4 
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TABLE  17  (CONT’D) 

SUMMARY  OF  DRUG  ACTIVITIES,  ALONE  AND  IN  COMBINATION, 
AGAINST  PLASMODIUM  VIVAX  INFECTIONS ' 


MALARIA  DOSE  mg/kg  PR IMARY  TREATMENTS  REPEAT  TREATMENTS  TOTAL  TREATMENTS 

STRAIN  TOTAL  DAILY  CLEARED  CURED  CLEARED  CURED  CLEARED  CURED 

AMRU-1 

WR  29 75 AW,  primaquine (a )  plus  WR  1544BM,  chloroquine  (b) 


0.3(a)  0.1(a) 

0/3 

30.0 (b)10.0 (b) 


0/3  0/3  0/3  0/6  0/6 


0.9(a)  0.3(a) 

3/3 

30.0 (b)10..0  (b) 


30.0(a)  1.0(a) 

3/3 

30.0 (a)10.0 (b) 


9.0(a)  3.0(a) 
30.0  Cb 110.0 (b) 


0/3  3/3  1/3  6/6  1/6 

1/3  13/13  12/12  16/16  13/15 

1/1  1/1  1/1  1/1 
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TABLE  IS 

CHALLENGE  <10*  TROPHOZOITES)  WITH  THE  FVO 
STRAIN  OF  PLASMODIUM  FALCIPARUM 


MONK . 

PRE- 

MAXIMUM 

PATENT 

NOTES 

NO . 

PATENT 

PARASITEMIA 

DAY 

( Days ) 

PER  CMM 

MALARIA  NAIVE 

12738 

9 

440 , 000 

Rx 

,  mefloquine. 

12739 

8 

763,000 

~~7 

f 

Rx 

,  mefloquine 

12740 

9 

270 , 000 

6 

Rx 

,  mefloquine 

CURED 

UF  ONE  FVO  INFECTION  (a) 

12687 

13 

119,000 

Rx 

, mef loquine , 

died  25  days 
post  'Rx  ,  in ter- 
current  infec- 

tion 

12727 

15 

222 , 000 

8 

Rx 

,mef loquine, 

VACCINATED,  MALARIA 

NA I VE  ( b ) 

12726 

8 

542,000 

7 

Rx , mef loquine , 
died ,  day  1 
post  Rx , 
malaria 

12730 

8 

1,232,000 

8 

Rx,  mefloquine 

12731 

8 

1 , 277,000 

3 

R  x , me  floquine, 
died  of  malaria 
after  2  days  of 
treatmen  t 

(  a )  Four 

months  prior 

to  rechallenge 

(b)  See  text 
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TABLE  19 

SPOROZOITE-INDUCED  INFECTIONS  OF  THE 
SANTA  LUCIA  STRAIN  OF  PLASMODIUM  FALCIPARUM 
IN  AOTUS  L.  LEMURINUS 


MONK .  PREPATENT  MAXIMUM  PARASITEMIA 

NO.  PD.  (DAYS)  PER  CMM  ( x  IQ3 ) 


GROUP  1  -  Sp lenec torn! zed  prior  to  inoculation 


12733 

12734 

12736 

12737 


~r 


21 


19 


GROUP  2  -  bp  1  enec  tOiTii  zed  day  7  post  inoculation 


12716 

12741 

12743 

12753 


21 

29.  (one  day  only) 

23 

29 


494 

>  72 

<  0.01 


GROUP  3  -  Still  intact 


12746 

12747  23 

12750  Positive  day  25  only 

12751 
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REPLY  TO 
ATTENTION  OF: 


DEPARTMENT  OF  THE  ARMY 

U  S.  ARMY  MEDICAL  RESEARCH  AND  MATERIEL  COMMAND 
504  SCOTT  STREET 

FORT  DETRICK,  MARYLAND  21702-5012 


MCMR-RMI-S  (70-ly) 


7  Feb  97 


MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 

Center,  ATTN:  DTIC-OCP,  Fort  Belvoir, 

VA  22060-6218 

SUBJECT:  Request  Change  in  Distribution  Statement 


1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  Contract  Number  DAMD17-91-C-1072 .  Request 
the  limited  distribution  statement  for  Accession  Document  Numbers 
ADB2147  40^  ADB1984  05V'  ADB210896^  ADB183789,  and  ADB173254  be 
changed  to  "Approved  for  public  release;  distribution  unlimited." 
These  reports  should  be  released  to  the  National  Technical 
Information  Service. 


2. 

DSN 

FOR 


Point  of  contact  for  this  request  is  Mrs.  Judy  Pawlus  at 


343-7322. 

THE  COMMANDER: 


R. 

Lbnel, 

Deputy  Chief  of  Staff  for 
Information  Management 


